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Clinical PerspectiveWhat Is New?This study demonstrated the ability of CHA~2~DS~2~‐VASc score to predict a long‐term composite end point of death, myocardial infarction, and stroke in Takotsubo patients.What Are the Clinical Implications?CHA~2~DS~2~‐VASc score could be considered an acceptable method for long‐term risk stratification in Takotsubo patients, and likely in other patient populations without atrial fibrillation.

Introduction {#jah32552-sec-0008}
============

The validity of CHA~2~DS~2~‐VASc score on stroke‐risk stratification in patients with atrial fibrillation (AF) has been well documented [1](#jah32552-bib-0001){ref-type="ref"}, [2](#jah32552-bib-0002){ref-type="ref"} and, although initially developed only for patients with AF, it has proved to be a helpful scoring system for evaluating the complexity of comorbidities in different clinical settings. The application of CHA~2~DS~2~‐VASc score in patients without AF is relatively new and only a few non‐AF studies have explored this simple method of risk assessment.[3](#jah32552-bib-0003){ref-type="ref"}, [4](#jah32552-bib-0004){ref-type="ref"}, [5](#jah32552-bib-0005){ref-type="ref"}

Goto et al[6](#jah32552-bib-0006){ref-type="ref"} demonstrated the potential of CHADS~2~ score in predicting not only stroke but also cardiovascular death in stable outpatients at risk of atherothrombosis. Moreover, the CHADS~2~ score has been reported to have a prognostic role in acute coronary syndrome patients without AF.[4](#jah32552-bib-0004){ref-type="ref"}

The Takotsubo syndrome (TTS) is an increasingly recognized cardiac condition that mimics an acute coronary syndrome and predominantly affects postmenopausal women. Several major cardiovascular and cerebrovascular events can complicate TTS, which should be considered as an acute heart failure syndrome with substantial morbidity and mortality.[7](#jah32552-bib-0007){ref-type="ref"}, [8](#jah32552-bib-0008){ref-type="ref"}, [9](#jah32552-bib-0009){ref-type="ref"}, [10](#jah32552-bib-0010){ref-type="ref"} In particular, a stroke or transient ischemic attack rate of 1.7% per patient‐year in a recent multicenter Registry was reported.[10](#jah32552-bib-0010){ref-type="ref"}

Oral anticoagulation is recommended in patients with TTS, if intraventricular thrombus is detected, but the role of prophylactic anticoagulation remains to be determined. A clinic score that is able to predict short‐ and long‐term complications and that is useful to guide the management of TTS patients is still lacking.

The aim of this study is to assess the ability of CHA~2~DS~2~‐VASc scores to predict adverse events in TTS patients.

Methods {#jah32552-sec-0009}
=======

The design of this study was a multicenter, observational registry. Patients admitted to 20 centers participating in the Takotsubo Italian Network were included in the Registry according to the Takotsubo Italian Network diagnostic criteria[11](#jah32552-bib-0011){ref-type="ref"}: (1) Typical transient left ventricular wall motion abnormalities extending beyond a single epicardial vascular distribution with complete functional normalization within 6 weeks; (2) Absence of potentially culprit coronary stenosis, or angiographic evidence of acute plaque rupture, dissection, thrombosis, or spasm; (3) New and dynamic ST‐segment abnormalities or T‐wave inversion or new‐onset transient or permanent left bundle branch block; (4) Mild increase in myocardial injury markers (creatine kinase‐MB value \>50 U/L); (5) Clinical and/or instrumental exclusion of myocarditis; (6) Postmenopausal woman (optional); (7) Antecedent stressful event (optional). Antecedent stressful trigger event was defined as an occurrence that produced short‐term physiological change that may lead directly to the onset of acute cardiovascular disease. They could be either emotional or physical (including acute medical or surgical emergencies).[12](#jah32552-bib-0012){ref-type="ref"} Coronary angiography was performed as soon as possible (ideally within 48 hours from admission).

The study was approved by the local Ethics Committees. All patients provided informed consent. The CHA~2~DS~2~‐VASc score was calculated for each patient. Patients were divided into 3 groups according to the CHA~2~DS~2~‐VASc score: Group A (≤1), B (2--3), and C (≥4).Patients were asked to return to our outpatient clinic for follow‐up evaluation at 1 and 6 months, and annually thereafter. The primary end point was the composite of all‐cause death, myocardial infarction, and stroke. Individual components of the primary end point as well as rehospitalization and AF were secondary end points.

Discrete data are expressed as frequencies, and continuous data as mean±SD or median and interquartile range as appropriate. The χ^2^ test was used to compare categorical variables, and ANOVA with the Tukey post hoc test was used to assess differences in the baseline characteristics between the 3 study groups. Survival curves were generated with the use of the Kaplan--Meier method, and the difference between groups was assessed by log‐rank test. To address concerns over the potential confounding variables to affect the prognostic performance of the CHA~2~DS~2~‐VASc score, we constructed a multivariate Cox proportional hazards model. We used a parsimonious model including variables with *P*\<0.10 by univariate test as a candidate for the multivariate analysis, such as CHA~2~DS~2~‐VASc score as a continuous variable, age, female sex, diabetes mellitus, left ventricular ejection fraction, and apical ballooning. Multicollinearity was assessed using collinearity diagnostics. The variance inflation factors showed no significant collinearity (\<2.5) among the covariates. A *P*\<0.05 was considered significant. All tests were 2‐sided. Analyses were performed with SPSS 19 statistical package (IBM Corporation, Somers, NY).

Results {#jah32552-sec-0010}
=======

A total of 371 TTS patients were included in this observational registry (Table [1](#jah32552-tbl-0001){ref-type="table-wrap"} summarizes baseline characteristics). The median CHA~2~DS~2~‐VASc score was 3 (interquartile range: 2--4), ranging from 1 to 8. No patient showed a score of 0. Overall, 9%, 42%, and 49% subjects were included in Group A, B and C, respectively.

###### 

Baseline Characteristics of Study Patients

  Variables                         All (n=371)   Group A (n=33)                                                                           Group B (n=155)                                                                           Group C (n=183)
  --------------------------------- ------------- ---------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------
  Age, y                            73±10         55±10[\*](#jah32552-note-0003){ref-type="fn"}, [†](#jah32552-note-0003){ref-type="fn"}   70±8[‡](#jah32552-note-0003){ref-type="fn"}, [†](#jah32552-note-0003){ref-type="fn"}      78±6[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  Female sex                        339 (91)      30 (91)                                                                                  135 (87)[†](#jah32552-note-0003){ref-type="fn"}                                           174 (95)[\*](#jah32552-note-0003){ref-type="fn"}
  Family history of CAD             58 (16)       0 (0)[†](#jah32552-note-0003){ref-type="fn"}                                             12 (8)[†](#jah32552-note-0003){ref-type="fn"}                                             46 (25)[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  Smoker                            86 (23)       13 (39)[†](#jah32552-note-0003){ref-type="fn"}                                           37 (24)                                                                                   36 (20)[‡](#jah32552-note-0003){ref-type="fn"}
  Hypertension                      236 (64)      1 (3)[\*](#jah32552-note-0003){ref-type="fn"}, [†](#jah32552-note-0003){ref-type="fn"}   72 (46)[‡](#jah32552-note-0003){ref-type="fn"}, [†](#jah32552-note-0003){ref-type="fn"}   163 (89)[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  Dyslipidemia                      123 (33)      8 (24)                                                                                   50 (32)                                                                                   65 (35)
  Diabetes mellitus                 52 (14)       1 (3)[†](#jah32552-note-0003){ref-type="fn"}                                             7 (4)[†](#jah32552-note-0003){ref-type="fn"}                                              44 (24)[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  Congestive heart failure          3 (1)         0 (0)                                                                                    0 (0)                                                                                     3 (2)
  Peripheral vascular disease       38 (10)       0 (0)[†](#jah32552-note-0003){ref-type="fn"}                                             3 (2)[†](#jah32552-note-0003){ref-type="fn"}                                              35 (19)[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  Previous stroke/TIA               37 (10)       0 (0)[†](#jah32552-note-0003){ref-type="fn"}                                             1 (1)[†](#jah32552-note-0003){ref-type="fn"}                                              36 (20)[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  Trigger stressful event           275 (74)      30 (91)[†](#jah32552-note-0003){ref-type="fn"}                                           120 (79)                                                                                  125 (68)[‡](#jah32552-note-0003){ref-type="fn"}
  Variant type                                                                                                                                                                                                                       
  Apical                            245 (66)      28 (85)[\*](#jah32552-note-0003){ref-type="fn"}                                          94 (61)[‡](#jah32552-note-0003){ref-type="fn"}                                            123 (67)
  Midventricular                    127 (34)      13 (39)                                                                                  55 (36)                                                                                   59 (32)
  Basal                             16 (4)        1 (3)                                                                                    7 (4)                                                                                     8 (4)
  LVEF at admission                 38±10         41±10[†](#jah32552-note-0003){ref-type="fn"}                                             40±10[†](#jah32552-note-0003){ref-type="fn"}                                              37±10[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  LVEF≤40%                          235 (63)      14 (45)[†](#jah32552-note-0003){ref-type="fn"}                                           94 (61)                                                                                   127 (69)[‡](#jah32552-note-0003){ref-type="fn"}
  LV thrombosis                     7 (2)         0 (0)                                                                                    4 (3)                                                                                     3 (2)
  Previous AF                       59 (16)       0 (0)[†](#jah32552-note-0003){ref-type="fn"}                                             19 (12)[†](#jah32552-note-0003){ref-type="fn"}                                            40 (22)[‡](#jah32552-note-0003){ref-type="fn"}, [\*](#jah32552-note-0003){ref-type="fn"}
  Oral anticoagulant at admission   37 (10)       0 (0)[†](#jah32552-note-0003){ref-type="fn"}                                             12 (8)                                                                                    25 (14)[‡](#jah32552-note-0003){ref-type="fn"}
  Discharge therapy                                                                                                                                                                                                                  
  Aspirin                           278 (75)      26 (81)                                                                                  112 (73)                                                                                  139 (76)
  P2Y12 inhibitor                   129 (35)      12 (38)                                                                                  48 (31)                                                                                   68 (37)
  Dual antiplatelet agents          83 (22)       8 (24)                                                                                   32 (21)                                                                                   43 (23)
  Oral anticoagulant                46 (12)       0 (0)[‡](#jah32552-note-0003){ref-type="fn"}                                             14 (9)                                                                                    33 (18)[‡](#jah32552-note-0003){ref-type="fn"}

AF indicates atrial fibrillation; CAD, coronary artery disease; LV, left ventricle; LVEF, left ventricular ejection fraction; TIA, transient ischemic attack.

\**P*\<0.05 Group B; ^†^ *P*\<0.05 Group C; ^‡^ *P*\<0.05 vs Group A.

Patients with lower CHA~2~DS~2~‐VASc score were more likely to have a trigger stressful event (91%, 79%, and 68% in Group A, B, C; *P*=0.007). They also had a lower rate of AF history (0%, 12%, 22%, *P*=0.002) and anticoagulant therapy at admission (0%, 8%, 14%, *P*=0.049). Of note, left ventricular ejection fraction at admission was significantly lower in Group C (0.37±0.10) compared with patients of Group A and B (0.41±0.10 and 0.40±0.10, *P*=0.007). During hospital stay, echographic evidence of left ventricular thrombosis was detected in 7 patients and none of them developed a clinical evidence of a cerebrovascular event. No significant difference in echographic evidence of left ventricular thrombosis was observed between the 3 study groups, at least in part influenced by the previous and in‐hospital therapies and by the generally transitory and short‐lived nature of the intraventricular thrombosis. The mean follow‐up length was 26±20 months and the follow‐up rate was 95%. The incidence of the primary end point as well as of all‐cause death was significantly higher in patients with high CHA~2~DS~2~‐VASc scores than in patients with low CHA~2~DS~2~‐VASc scores. All the other secondary end points did not significantly differ between groups (Table [2](#jah32552-tbl-0002){ref-type="table-wrap"} summarizes the outcomes). During follow‐up, 7 strokes occurred in this cohort of patients: 4 strokes were ischemic and attributed to AF‐related embolism, 2 strokes were fatal events without additional diagnostic procedures, and 1 ischemic stroke occurred soon after surgical mitral valve repair. Estimated cumulative incidences of major adverse cardiac and cerebrovascular events in Group A, B, C are reported in [Figure](#jah32552-fig-0001){ref-type="fig"}.

###### 

Long‐Term Outcome in the 3 Study Groups

                        All (n=371)   Group A (n=33)   Group B (n=155)   Group C (n=183)   *P* Value[a](#jah32552-note-0005){ref-type="fn"}
  --------------------- ------------- ---------------- ----------------- ----------------- --------------------------------------------------
  MACCE                 48 (13)       2 (6)            14 (9)            32 (17)           0.033
  All‐cause death       44 (12)       2 (6)            11 (7)            31 (17)           0.011
  MI                    4 (1)         0 (0)            2 (1)             2 (1)             0.808
  Stroke                7 (2)         0 (0)            4 (3)             3 (2)             0.577
  Rehospitalization     53 (14)       3 (9)            20 (13)           30 (16)           0.473
  Atrial fibrillation   13 (3)        0 (0)            6 (4)             7 (4)             0.498

MACCE indicates major adverse cardiac and cerebrovascular events (all‐cause death, myocardial infarction, stroke); MI, myocardial infarction.

By log‐rank test.

![Cumulative incidence curves depicting adverse event (MACCE; primary end point: the composite of death, infarction, and stroke) rates according to the CHA~2~DS~2~‐VASc score: Group A, (≤1); Group B, (2--3); Group C, (≥4). MACCE indicates major adverse cardiac and cerebrovascular events.](JAH3-6-e006065-g001){#jah32552-fig-0001}

The CHA~2~DS~2~‐VASc score was found to be a strong predictor of cardiovascular events (odds ratio 2.1, 95% confidence interval, 1.2--3.6; *P*=0.01) and mortality (odds ratio 1.5, 95% confidence interval, 1.2--1.9; *P*=0.001, Table [3](#jah32552-tbl-0003){ref-type="table-wrap"}).

###### 

Predictors of MACCE and All‐Cause Death

  MACCE                    HR     95% CI         *P* Value
  ------------------------ ------ -------------- -----------
  CHA~2~DS~2~‐VASc score   2.10   1.21 to 3.62   0.01
  Age, y                   1.13   1.04 to 1.23   0.003
  All‐cause death                                
  CHA~2~DS~2~‐VASc score   1.51   1.20 to 1.93   0.01
  Age, y                   1.11   1.06 to 1.16   \<0.001
  Diabetes mellitus        2.86   1.29 to 6.35   0.01

CI indicates confidence interval; HR, hazard ratio; MACCE, major cardio‐cerebrovascular events, the composite of death, infarction, and stroke.

Discussion {#jah32552-sec-0011}
==========

TTS patients, being postmenopausal women with high hypertension and other comorbidity rates, are usually characterized by high CHA~2~DS~2~‐VASc scores. This study demonstrated the ability of the CHA~2~DS~2~‐VASc score to predict a composite end point of death, myocardial infarction, and stroke in TTS patients, suggesting its use as an acceptable method for long‐term risk stratification in these patients. The CHA~2~DS~2~‐VASc score has several desirable characteristics to be applied in TTS patients because it is easy to calculate and utilizes clinical data that are available at admission. Patients with CHA~2~DS~2~‐VASc ≥4 showed a higher major adverse cardiac and cerebrovascular events rate, mainly driven by increased fatal events. Older age and a higher prevalence of comorbidities certainly contributed to the higher mortality rate in Group C patients as compared with Group A and B patients. On the contrary, nonfatal event rates (ie, myocardial infarction and ischemic stroke) were not significantly different between groups. It is unknown whether the more frequent use of anticoagulants in Group C has influenced this result.

Since myocardial dysfunction fully recovers in almost all of the patients within a few weeks, a substantial impact of Takotsubo‐related left ventricular dysfunction on long‐term outcomes seems unlikely. However, patients who had a TTS episode remain at risk for TTS recurrences and associated complications. On the other hand, it has been speculated that associated comorbidities could be relevant determinants of long‐term prognosis of TTS.[13](#jah32552-bib-0013){ref-type="ref"}

In our cohort of TTS subjects, with a low AF prevalence before and after the index event, the stroke rate at follow‐up was lower than predicted by the CHA~2~DS~2~‐VASc score, and not significantly different between groups, at least in part because of the low study power for this end point. However, no stroke occurred in TTS patients with CHA~2~DS~2~‐VASc score ≤1.

TTS patients have a 10‐fold higher risk of being affected by cerebrovascular accidents[7](#jah32552-bib-0007){ref-type="ref"} but the mechanisms underlying this association remain unclear. Probably, in the early phase, cardioembolism, because of the formation of intraventricular thrombus caused by transient but severe left ventricular systolic dysfunction, has a pivotal role. During hospitalization, daily monitoring of the left ventricular wall motion recovery by echocardiography is recommended to rule out apical thrombus in patients with persistent myocardial contraction abnormalities.[14](#jah32552-bib-0014){ref-type="ref"} However, the timing of thrombus formation and subsequent development of cardiogenic embolism has not been well documented. After the resolution of wall motion abnormalities and the recovery of systolic function, the formation of intraventricular thrombi is less likely. Indeed additional factors may play a role in the onset of cerebrovascular events. We should acknowledge that the variables included in the CHA~2~DS~2~‐VASc score represent well‐known cardiovascular risk factors (ie, age, hypertension, and diabetes mellitus) or manifestations of cardiovascular diseases (ie, heart failure, vascular disease, previous stroke/transient ischemic attack) able by themselves to impact patient long‐term outcome. Therefore, TTS patients with high CHA~2~DS~2~‐VASc score should not be considered at low risk for subsequent cardiovascular events. These patients should be carefully evaluated and a strict follow‐up should be planned. Given the relevant event rates observed in patients with high CHA~2~DS~2~‐VASc score, the intensification of secondary prevention strategies, including the selective use of antithrombotic agents (after careful bleeding risk assessment) seem justified in this subgroup of TTS patients.

Our results must be evaluated in light of some study limitations. First, this is a multicenter observational study and the impact of clinical decision making based on risk stratification by CHA~2~DS~2~‐VASc score in TTS patients is currently unknown. We also need to consider that no previous study evaluated the potential impact of pharmacological and preventive strategies on TTS long‐term outcome, and the current management is largely empirical and variable among centers and attending physicians. Second, because of limited sample size, our study was probably not properly powered for rarely occurring events such as stroke. Finally, we cannot exclude the contribution of atherosclerotic coronary artery disease development to the higher long‐term mortality rate of TTS with high CHA~2~DS~2~‐VASc score as compared with the other groups. In fact, endothelial dysfunction, which constitutes the first step of atherosclerosis, has been suggested to be present in TTC,[7](#jah32552-bib-0007){ref-type="ref"}, [8](#jah32552-bib-0008){ref-type="ref"}, [9](#jah32552-bib-0009){ref-type="ref"} and several components of the score represent well‐known coronary artery disease risk factors. However, coronary artery disease was demonstrated by baseline angiography in only a few patients and nonfatal myocardial infarction occurred in only 2 patients during follow‐up.

Conclusions {#jah32552-sec-0012}
===========

The CHA~2~DS~2~‐VASc score demonstrated significant discriminatory ability in predicting the incidence of major adverse cardiac and cerebrovascular events and the all‐cause mortality at follow‐up in our cohort of TTS patients. Further data are needed to identify the features of TTS patients with high risk of cardiovascular events, and to accurately select the most convenient antithrombotic treatment.
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